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(54) NOVEL SEMAPHORE GENE: SEMAPHORE Y 

(57) The present invention provides Semaphorin Y 
inhibiting neurite outgrowth, and a gene therefor, as well 
as other Semaphores hybridizing to said Semaphorin Y 
gene, modified proteins or partial peptides of said Sem- 
aphorin Y, antibodies against said Semaphorin Y, anti- 
sense nucleotides against said Semaphorin Y gene, 
and the use of such substances as pharmaceutical or 
diagnostic agents or laboratory reagents. The present 
invention further provides a method of screening for 
Semaphorin Y antagonists employing said Semaphorin 
Y, Semaphorin Y antagonists obtained by said screen- 
ing method, pharmaceutical agents comprising such 
antagonists, and transgenic animals involving said 
Semaphorin Y. 
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[0002] .tis^ownthata^^ 

L of 'regeneration once injur*. -trary. it is Known that 

a traffic accident, is compelled to spend the retf of his her I* ' « n ^P B organisms, and 

a peripheral nervous system (PNS)-neuron reta,ns a v,gorou^ 
therefore, neurons inaiirnb, when disconnected c^^^^^ 
[0003] "ntheearlynineteen-e^^ 

[nto an injured CNS-neuron in a higher organs* ^ axon gn*dOB neuron msj«u ^ ^ 

strates that CNS-neuron in higher SSmSTSS. Sc/ence, 214 931-933 (1981)). 

can regenerate if a suitable environment is pro.d« ^ g „ CNS . neuron 
That report suggests a possibility that m CNS of hghe ' °£J™"* ^ ^, a release frorn such inhibition may 
regeneration inhibitor", which inhtorts th *^ ene '^^^^ 

allow the regeneration of GNM .This ■£ CNS-neuron regeneration inhibitor 

[0004] In 1988. a group of Schwab ^J^^^^J^ thoug h partially, a protein having said 
among proteins derived from CNS myelin. ^^^^"J^^BMa (Annu. Rev. NeuroscL, IfL 565- 
CNS-neuron regeneration inhibition act,vr^ ^ ScaS and gene cloning yet. In addition, they immu- 

595 (1993)) atthough noone h « »^ 9 an antibody (IN-1) having a neutralizing 

nized animals with the partial purified NI35/Z50. ^ » u ^~ . w t Wotting and capable of staining, in an 
activity. This antibody is capaUe ^^^XS^^SXSS. Furthermore, they demonstrated that 
immunostaining. the region to wh.ch N'^^P^ceiveS an injury on its spinal cord has promoted regener- 
administration of this antibody to an animal experimentally ^^X^ its function within 2-3 months {Nature, 
ation of axons in spinal cord, though partially, within 2-3 weeks, and restored its J^ on ^ experimentally 
£, 269-272 (1990), Nature, 32L 498-50! (1995)). ^^"££2^5^* W and that 
demonstrated that there existed a CNS-neuron reflene'atio arrtS/is, however directed not 
CNS-neuron can be regenerated by inhibiting the , a ^^^^^ of CNS-neu- 

to human but to rat NI35/250, and exhibits a low stability and spectoty In J^™^ 9 and incomplete w no , 
ron was observed as described ^ by «*m^ , ems to identify ^ 

ing neurite to the target site locating remote '*«Jw* ^ neurjte outgrowth , such as neurite 
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[0008] Of these Semaphoring functions have been verjedfor only f corresponds to Collapsin in 

nopper. Semaphores I and II of drosophila, ^ s ' n . ° Sema- 
maSmals. All of these Semaphores are known t > ^^JJ^Sfi J t( Z cone of cultured neuron (growth- 
Phorin ... has been reported to have an ^^^^^1^ (1995); Cel Si 631-639 (1995); 

ance to neuron, I is not evident at present •Mtaond their IJXSJJ a role as a CNS-neuron regener- 
development but also in the adult, and less evrie ^^^^^^J^ guidance factor inhibiting neu- 
ation inhibitor. Of course^ ^ ^ , CNS . ne uron 

rite outgrowth. » would not ^^ ^^ by in vitro experiments that Sema- 

regeneration inhibitor (Nature m. 439-440 { ^ function na6 bee n analyzed, exerts its neurrte- 
phorin III (Sema III), only one Semaphonn ^ h 'f e ^^tTc neuron both of which are peripheral, but not on a re - 
outorowtoinhibrtiona^^ analysis on the distribution o, Sema I 

inal neuron which is central (Cell, Z5, 217-227 (1993». in aoo i 1 ^ expresse d mainly in peripheral tissues 

CNS-neuron regeneration inhibitor. 
PROBLEM TO BE SOLVED BY THE INVENTION 
rooiO, Thepres^inventi^imstop^ 

and a gene therefor, and to provide pharmaceutical ■J^^*33J Represent invention aims to provide 
neuron 9 and re.ated diagnostic agent s or '^ to ^XS h V bridizing t0 ^ S ^ 

Semaphore Y inhibiting neurrte outgrowth and a ge^ * ^jS^to SI Y. antibodies against said Semaphore Y, ant- 
aphorin Y gene, modified proteins or partial pept.des of sad ^ pharmaceutical or diagnostic 

^nse nucleotides against * w J^°? n ^ a method of screening for Semaphore Y 

agents or laboratory by sad screening method, pharmaceu- 

Sent^S^ch 3 ^ 

MEANS OF SOLVING THE PROBLEM 

[00,1, .nordertoprcv^ar— 

and related diagnostic agents or laboratory their attention to the similarly between the 

which has not yetbeen cloned. ^tTSX^S^SS^^ fact * at NI35/25 ° haS 3 
in vitro activities of the above-described NI35/250 1 and ^ t ^! n ^ J d § 23^.2393 (1988); Science, 2§2, 80 
coLapse activity and a neurrte-growth inhi MonKftft 'Jj*^^*^ and particularly Semaphorin II. 
(1993)). while known Semaphore ^!^^^^ZTerZrs the possibility that unknown Semaphores 
has also a growth-cone ^^^^^Z^Z^on of CNS-neuron. Specifically, the present 
which have not yet been identified r^ 

inventors' idea was that Semaphonn, wh,ch ,s character, ed .n£ W™^*^,* in ^ tissues such as 
where regeneration of neuron (or ZL £** * new unkn « n 

peripheral tissues in the adult, has ^^jJ^tiSwton of regeneration of CNS-neuron. 
such characteristics, the Semaphonn m.gh t ^^.^'"'^tabase non the basis of the amino acids sequence ret- 
[00121 First of all. the inventors have closely searched ™A*jaMWHBn ™ na8 be en 

Ltiveiy we., conserved among P™° u ^^ 

searched through EST (Expressed relatively we., conserved among Sema- 

expressed in the postnatal ^^^^^^^SS. whLh encodes, as a partial sequence, a sequence 
phorins. As a consequence, a DNAfragmenl RS^Twa "*nmj« a sequence informa- 
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l ^ Sereaptatn sens by canyH out »» **T«^253NtoSS3«<» • 1™" *P«W eDNA 
seouenoe intomatior,: crtucting PC B »» ^^"^^S, ol 170 bases; labetino the DNA 

novel Semaphorin "Semaphorin Y". Q Ama nhorin at which we aimed, since it was 

Utior, of CNS^uron in •» «d* a"**™*™** ^s^aallon olCNS-neuron. Similarly. arrSser*. 

used is a therapeutic or diaono* agent tor pens or r"^"^Si££r« Furtriem »,e, Semaphorir, Y Is 
„penpl,« 1 «ss U es.»N*r«*in«.. <^^TJSS^^« * 
a,Le7serr^nb«or**t.th.^^ 

ss; ss^.s^- , « «... . - *». — . 

[0017] Thus, the gist of the present invention is as follows: 
2 5 (1) a gene encoding the following protein (a) a (b): 

,., Se-nep^Ypro^^^ „,* 

30 outgrowth; 

(2) a gene comprising the following DNA (a) or (b): 

£ ! 2 4 or 5. md which encodes a protein inhibiting neunte outgrowth, 
promotes neurite outgrowth; 

(6) a protein obtained by expressing the gene of the above : iterr 1.5) hybridizes under strin- 

S^S^^rpSrrrrsss'— 

12 a peptide of the above item (11) which promotes neunte ojjjrw* ^ 1fl8 ^ ^ 

^Ss^rr^e..^^ 
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MODE FOR CARRYING OUT THE INVENTION 

ack! sequence shown in SEQ ID NO: 3 or * or "^I^^^^J^i sequence of the above Sem- 
wherein one or more amino acids are dele ed, '^^^^S^dL presentments is Semaphorin Y 
aphorin Y. and which protein inhibits ^Z^£™fi£^£> which hybridizes under stringent con- 

&«ss^ neurite out9rowth - These 9en 

explained below in order. 

1) Gene Encoding Semaphorin Y (Semaphorin Y Gene) 

rooi9, Of the above-mentioned genes, "a gene which encodes *"^*>^^£ SSTS 
See shown in SEQ ID NO: 3" or • Semap^ ^T^C?3S^S^ Y pro- 
2-isagene encoding the rat 8" na P honn Y ^^ l TSS roN^ B^or " Semaphorin Y gene comprising the base 
tein comprising the amino aad sequence shown in SEQ * B human Semaphorin Y of the present invention. Among 
sequence shown in SEQ .D NO£ or 5^ « a gene J^^^SSi-. * rat and human types of Sem- 
these genes, those shown in SEQ ID NOs^ 2 ™"°™ s, ~ * E le 1§ by screening a cDNA library derived 
aphorin Y. respectively. Such genes may be **^*Z*^£^ ' uenC e shown in SEQ ID NO: 7) pre- 

kit commercially available. . Semaphorin Y cDNAs of the present 

2) Gene Encoding Modified Protein of Semaphorin Y 
[002 1, Offreabove-men^onedge^ 

one or more amino acids are deleted, substituted and/or added «?ed "modified proteins" of Semaphorin 
Y.and which P^n inhibits n^^ 

Ywhich inhibits neurite outgrowth. Those skilled '^^J^JJJ or p 9 CR metho d {Molecular Cloning. 2nd ed.. 
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modified protein thereof, for example, in the following manner. membrane of ^ celte transformed with Sem- 

igarashi ef a/.. Science, vol. 259. pp. ^-/^^^^^T^osa vol. 11. pp. 626-640 (1991)). A method 
Davies et al.. Neuron, vol. 2, pp. 1 1-20 (1990 Igamshi ef al.. Science, vol. 259. 

of measuring the growth-cone <"»^^^^^ J* expressing a test substance 

pp. 77-79 (1993)). Briefly, the ^ te ^^l^^ c ^g the cell membrane fraction or the purif,ed 
„ such as Semaphonn Y 'Si^ST^'lSQCW. or by a method in which a protein 

membrane fraction is used (E. C. Cox ef at. Neuron vo . ^ as a ^ matena , (C E 

extracted fro, the membrane ^ 

Bandtlow. Scfence, vol. 259. pp. 80-84 (1993))J n oraer ic ^ |S added 

these materials, a test substance such as Se-^honn ^Y. for ^example m k> ^ ^ ^ MlJ press 

to neurons cultured under conventional 

0 991)) in a container coated with a time has passed to occur collapse o, 

laminin, coltagen. polyene or PP^^^^J^SS,, those neurons are fixed with 1% glutaraldehyde 
growth cone (typically from 30 minutes to one hcurafter w*»^^J ' , under a microscope. In this 

9 or the like, and the number of the growth cones wh rf ' ^ ^^/p^ {r0 m cells not expressing the 
measurement, it is important that anottier sample » ^"JSTmL proceduna; as those used for the test sub- 
test substance such as Semaphonn Y 'f^J^^ffJS!Sc n the basis of the total amounts of pro- 
stance-expressing cells. Typically, normateation of ^^^^^ tfMH ^ 0 f the surface of a micropore 
tein induded within the sample,. To « Je neu ^^^^^ as Semaphorin Y prepared 
filter or a culture container made of glass or ]^»"*JJ ™ jnabi|ity 0 , neuron s cultured under conventual 
as described above, and the activity is indicated. for^anjl ^ by We -nao V ^ ^ ^ ^ 

conditions to adhere to the coated area, or by a ^^^Sf^ coated area into the coated area because 
area, or by the inability of invasion of ^^^^^^X^,^ from the coated area. When a 
of its stopping on the border between the coated ^ ™ J llagen gel , inability of outgrowing neu- 

cluster of cells expressing a test substance is n^y^tfsc^be tsed as an indicator (A. Sophia ef al. , Cell, 

rite to enter the cluster of cells expressing the test substance may also De usea a 

vol. 81 . 621 -629 (1 995)). .. w ^ above ac tj V ity measurements, As described 

[0025] Both neurons of CNS and PNS may be used ^*2h^^!h5 «™ unt <* generation (out- 
!n the section "BACKGROUND ART, CNG ^"Jjj on neurite outgrowth of CMS- 

growth) inhibitor, rt is. therefore, extremely difficult to measure ™ * n ™ J Since these in vit ro 

» neuron, and such inhibrtory effect is ^^^^^^S^L method to confirm the activity, 
methods each have individual char acteristics -J^X^^O^n^ such as motor neurons in spinal 
Although preferred neurons used for a measurement o the activity an £Nb neu 

cord or'Jttr cortex, PNS-neurons in c^gjn^ to hat ^ cS as neurite-growth inhibition 

S^e^a^ 
^7U*ic examples of the mcxiHied p^ 

0027] Based on the structural comparison of known S 6 "^"^^^^^, tor expression of the activity of 
he semaphorin domain, suggesting that these conserved f"~"^J^„, -Sn in which aspartic acid 
SmaphSns. Furthermore, the present -^^^ have the growth-cone col- 

residue at position 198 in its semaphonn domain has^ been ^t-W^th 9VC m . g 

lapse activity (see Reference '^l^^^^JSS^^S' P 05 * 00 « high,y 
Essential for expression of the actr*ty, The ™ ^J^SEftftt glutamic acid is located at this posi- 
known Semaphorins. and they are all aspartc aad witii a esse 9 n1jal for * activrty of 
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m ^^^^ 

additions of amino ackis at P-^J^J" * 3^SKftJSS *• iartic acid at posKon 197 in rat Sem- 
Semaphorin Y in modified prote.ns. p ^ cularly ' '\ ^ J' r ^l° 198 ^ huma n Semaphorin Y. In order to substrtute 
aphorin Y shown in SEQ ID NO: 3 and the Semaphorin Y it is desirable to substitute an 

, aminoaddsconservedamongSe^^ 

SS ^JX^^ — in the se.cn of *e 22nd embodiment of the 

J0 present invention. f . ^ jno acid located at a position at 

[0029] in the above-noted embodiment, "a ^served JJ^*^ ^ or Rg . , of 14, 941 - 

which more than 50% of Semaphorin genes shown in Fig. 2 of Cell, 22, i«w 

948 (1995) share the same amino acid. 
,« 3 ) DNA Hybridizing Under Stringent Conditions To Semaphorin Y Gene 

[00 30, atheabove-mentionedDNAs,^^ 

rr Y 9ene conprisin9 the base 

rat or human Semaphorin Y gene, for ^XSeT^^XSII^ 42*C, and washed at a salt concen- 
45% (v/v) and a salt concentrate of about Sx SSre and a t a tempe fof by 

tra«on of about 2x SSPE and at a ^^T^^ S£ using all or part of DNA shown in SEQ ID 

Ln. Between mamma.s or between mamma^and » ^SSSSS « to each other. M the mammal 
a,.y more than 80%. ln 0ther ~* *°" B "~ ^ ^ * 

Eto^r-r 

phorin domain. «nuenee shown in SEQ ID NO: 7" refers to a fragment 

?0034] in the above description. "DNA ^ n ^^^r ^Zco6^ in part, a sequence consisting of 
cloned by PCR using the sequence '^^^ (or Gly)-Trp). and the DNA 

seven amino acids well conserved among Semaphor «WP Arg ) *sp * ' d fat Sema phorin Y shown 
Lgmertcorrespondstoa^^^ 

in SEQ ID NO: 1 . or a region from position 1 524 to position i «» me ~. 

the present invention. k^nHiwrtinn with DNA of SEQ ID NO: 7, and specifically 

Las u*9 ONA en**™ d Mow. pill CDNA W « *- 
out according to. *» aom*- •» I 1 ™?*?" 8 hSius corpus striatum, and cerabolkim ar. mote 

* lden«cajtolr^an*noacidsconaw 

Sana. I. O-Sema II. H-Sama III. C-Cotops-V Sam* J^ng'. dorr* mora than 30% ol 
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■ nMA^iS Ver 2 0 (HITACH Software Engi- 

"me identity of amino acids is ^ str ^ tl ^ ^jtofT'^More weferf ad prolein^are^wse in which ten of more eysteiies, 
neertng) und« conditions ol ktup-t wd ^^^^oLved in semaphonn domains of the ten known 

condttions to DNA comprising It. tea SiZtoin Y genes ,* rmmmai and avian. 

S£L. shown hi SEQ ID NO: 3, and ^J>^J£S H VZZ> a£ Sgn-i e^eneels p» 

SS5T,»— S ESS"— - n»*,e „ms - SamaphCn V .,. *o 

included in this embodiment. Achieved for example, by ligating a cloned rat Sema- 

UinVcDNAWalorcwnwessOTv^s^^ 

As corftmed in Example 8, Semaphonn Y e«sts „ .awn, of > protein of this en*od- 

Sam^nYtobedirec.yusedh.ajious^JW^™^^" ^ 

irnemn^ertbeconoWed^^^ 
Kv-'CS'anSrrrnefiTfS^ 

[00461 Up«i<»»»"^JS^^W<i^< w ^ il ^ 

• S^nthese^ 

[00471 Specific examples of the proteins of ^^*^*2S«lhe neurite-outgrowth inhibition activity is expected 
Inhibition activity hasbeen eliminated Such l ^^^£Z2£ * Semaphorin Y or to Semaphonn Y 
to exert the promotion effect on above in the section of the 1st embod,- 

itself. by inhibiting the binding ol Semaphore Y to the Semapnonn may be located in the sema- 

« ment of the present invention, it has ^»^J™£££ portion 1 97* rat Semaphorin Y or aspar tic acid 
phorin domain, and particularly, it the semapno rin Y activity from the modrfied 

at position 198 in human Semaphorin Y. AM«d"J* ™ ^ a^ddSSi to the conserved amino acids in said 
protein, it is desirable to introduce the deletion* •**2^fi£^ 

semaphorin domain, preferably to the aspartic ; acid at portonf 197 inntt be apn ^ ^ ^ ^ & 

so I98?human Semaphorin Y. In such Semaphorin Y other than that from 

nature is substituted for the original amino acd are <*«™JJf l thi S oosition that is. on amino acid residue at the 
human or rat modKications are P^^SSS^^^^ h ^ Y T 

mum identity. ^imont nf the wesent invention promote neurite outgrowth as described 

SJ5&-~^'- i ■ ^,,,,->-- • t,,,- " 
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Sphorin Y DNA shown in SEQ ID NO: 1 or 4. respect^ „ MnlBCUlar clonina 2nd ed ' Cold Spring Harbor 

Zm] Methods of cloning are described in detail in, ^J^" or PGR AJthough a 

Koratory Press (1989). and specifteally include, for ^^^"^SS^Srl^l from CNS-neuron in the 
preferred library used herein is a genomic ..brary denv*d fro* humaa ^^^^ t0> for T ,NS, 

^^^^^ 

Abases, or ^'^^ 

examples of DNA of the 7th e-^od"" 6 ^ 6 '^S^TSS^m or the like, in addition to regions encoding 

medicine using antfeense techniques described her ^ er . ^ asmid wnicn expresses either the gene of the 
[0052] The 8th embodiment of the presem '^J^S^!^ '"venS. The 9th embodiment of the 
1st, 2nd. 3rd or 5th embod.ment, or DMA of the ^^^^ion olasmid of the 8th embodiment. Furthermore, the 
present invention is a transformant transformed w.th ^^^^^Ukmt protein which process comprises 
?0th embodiment of the present .nverAonjs a P^?^naTe Sombinant protein expressed. As described 
culturing the transformant of the f^^T*^ preparing an expression plasmid and 

above in the section of the 4th embod.ment of the present ^errt.on j ne, m m ^ ^ ^ 

a transformant. and methods of producing a r ^^°^ ^^ ^ 6 amino adds of a protein of 
[0053] The 1 1th embodiment of the present ^"j£ a ^S il 6 amino acids" to based on 
he 4th or 6th embodiment of the P^™^^ preferred pep- 

thefactthataminimalsizedpepKle^ 

tides are those consisting of 8 or more am,n ° a J^ 

13th embodiments, and can also be used for P?J^™Sd e d „,„ , 1th embodiment of the present invention 
[0055] The 12th embodiment of the ^^"E^ methods descrtoed above in the section 
which promotes neurite outgrowth. Such P 0 '^ 1 ^^^ on neurite outgrowth can also easily be meas- 
of the 1 1 th embodiment of the present ■rwerrt.oa ^^^^entioJ by adding Semaphorin Y to an 
3 5 ured as described above in the section d ttie > 5th ™££J jnvention and Mh& adding 

^SLCnce^ 
« of Semaphorin Y. A peptkle lacking ^^^S^^S!^ the binding of Semaphorin Y to the 

pared by the methods described !" ^ inventions, the aspartic add residue 

[0058] As described above in the section of the 1 « l embod mem ot tne pr ^ 

at position 198 of human Semaphorin Y '^j*^ ^n^h^rin Y S^**^ amin0 d residue may possibly be 
197) seems essential for expression ^^£^3aTa ^ ide of Us embodiment containing this am.no 
involved in the binding between s ™ h ° r, ^ h a "^ Y by binding to receptors for Sema- 

acid residue may interfere the neurite-outgrowth '*^^ < J*SSisom« of the peptides having such effect 
phorin Y or to Semaphorin Y Ml resuft.ng of the 21 st embodiment. Such 

will serve as CNS-neuron regenerat.cn P^^^^^SSi above in the section of the 5th embodiment 
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M ^an^rnant-anan^,,*^^ 

tHM „«* ,» tocaad a, * ^^3^^^^J^t-^«"^ 

to 3rd amKx.rn.nts. or in DNA of the 7th dMM J^^3SlS2^o«oonucl«*l.. Mk» AN*, o, a*. 
[0O6U Asusedharain.-antiaarear«*aoMe afars £ ™ 9 w axamcta. a^ass'to 

rrn-=r^^ 

iant that is chemically modified so as to enhance the tnntaU^ ^, ph0 sphorothioate, phospho- 

of the antisense nucleotide in the cells. Examples of ^T^^J^SSSS^m ("Antisense RNA 
rodthioate, alkylphosphotriester, alky I phos SSSSSwS che^ly moiied variant may 
and DNA" WILEY-LISS, 1992, pp- 1-50. J. Med. Chem.. 2§, 1923 
be prepared according to, tor example, the references cited ! jusl ^ ^ 

modrM variants than* an bind ^ """""E^? J^Slo .Santa tharaot ear, inhM tha 
ganaa. Tharafora. tha abova-dasolbad Mm MaM* t or ms „, nuaartdaa or 

heraMa..>tha8eaionoflha21ate,rMirr^^^ 

,00651 n»n^lyb.oat«nrin»l»nalha.. ^"^^^Xa^inud«*da Mi or by a*o- 

rra^cs^sr^rrssrca. T ^ , - ^ 

d oS*r«tl« «. amour. - tha ayca* ad ^^^^Z^^ having sao^cea 

• ^^^^^ 

mouse or rabbit according to the procedures deserted ^^^J^^Ked by the methods described in the 
2.6.6 (1992. J. E. Coligan ed.). Monoclonal antibod.es can f^^^^XTem of cDNA libraries, 
above-mentioned reference. Such antibod.es may be ^2n!T£^S2ZS^e^ activity of neu- 
and as pharmaceutical or diagnostic ^ V ^^SZSS S52Sd*o» in the section of the 5th 
tra.iz.ng Semaphorin Y. Such neutrahz.ng activity ^^^^^Sm described in the section of 

£K==S==S=SS«==== 

and antibodies of the present invention. rPoen erators and neurite-outgrowth inhibitors for PNS-neu- 

SS ^ff^rS^^SSS the -»! — * 

thaetora. tha MM of tha 21s. and 22nd ' M ^^^^T monM roles not onl, In tha n«vous 
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/Mo*,ro oqo S25-528 (1996)) Also in the immune system, certain Semaphorin has 

influence the survival and neurrte-outgrowth of neurons at the sarr* L~"^S ^though it is preferred to prepare in 
are fulfilled, one can conskler the test substance as a may also be used as a 

advance the test substance in the form of .^ ^2 tTllSSSmv effects of the solvent on 
solvent, in any cases, it is important to "™ less than 1/10 volume, 

it inhibits the activity of Semaphorin Y. v C * man hnrinYantaaonist of the 19th embodiment which com- 

[0075] The 20th embodiment of the present .nventon is Semaphor n J 8 *^*™^ h antibod of 

prises the protein of the 6th embodiment, the peptide of any one of ^* * ^J^J^Xm^-U 
The 16th embodiment of the present invention. Inother wo ds. ?« invenL wSch has an 

one of the 11th to 13th embodiments, or ^«^J^^^^^ by subjecting the above substances 
effect of inhibiting the activity of Semaphorin Y. ^ ™ * ^£ * of the antagonists thus identified 

Bcontains at tost m otlhe antesme -^^Z^S^Sm .^SZtto. Since « »rt»dim en l 

(o of the substances are described below. 

1) Antisense nucleotide or chemically modified variant thereof 

[0077] Application of antisense nucleotides has been attempted in "* in reCent ^ R 18 ^ 

« SereJto be applicable in neu.logica. disorders ,<JMS *£*^2Zl~* invention, the antisense 
[0078] As described above in the section of he Hth " ^JJ^SIS Stte present invention can be used 
nucleotide or chemically modified variant thereof of Ihe 14* or J^^E^ may decrease the abundance 
for inhibiting expression of Semaphorin Y gene. Aa»rtingjysuc^^ ^ Q[ 

averred antisen^^ 

especally preferably 12-25 base* Antisense ^aigo u adminislrat jon. Such formulation may be co-adm.n- 
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example, more than 1 00 bases, preferably rr»re than 300b ^™™™.* e * u J jnt0 a include an in vivo 
[0081] The methods by which a gene ^PW a " ^^b^Sdm ex wVo mettiod in which the gene is 
Lthcd in which the gene I. My ^^^^S^A^ Science, April. 1994, pp. 20-45; 

^aS^^^ 19941 ^ MS " " " VIV ° 

method is more preferred. mmmhinant viruses and other methods (Nikkei Science, 

S^Fo'thea^r^a^^ 

may also be used, besides those techniques desa<*dabcv» deoendlng on particular disease or 

symptom to be treated, and the like. Fa example, it may o example, when spinal cord is 

or intramuscularly, or directly admimstered .nto an ' a ^JZ^^teWMM excSvely in the spinal cord, 
infected with the recombinant viruses ^ e ^* several months, and such 

Expression of antisensedigonudeotide^ 

single infection is sufficient to allow regenerate of ^JJ^^JJn! 4 for example, a solution, and typi- 
When administered by an in vivo method, the gene may be formulated in he ■ * ^ 

c,.yr efo rmu,t ? intheform^ 

pentn^a^ 

mulXTs preferably administered once every several days to several months. 

2) Modified protein of Semaphorin Y 
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[0088, As described above in the sections o, ^2 ^ 

[ mcxU Semaphorin Y of which fZ^l^Z^^^^ Y in P |ace of 

administered into a Irving body, such modified i protein is expected Mowwk -^neneration of CNS-neuron. 
Semaphorin Y. resulting in inhibition of Semaphorin Y actmty and prom^on ^9 e ™ a J on ° ^mri*** to a 
[0089] Such modified protein of Semaphoring ,s formulated bu«e and dje 

Ueri for therapy. Such formulation may be admims e ^^J^^JSZ^ for Lation is admin- 
to the focal srte. Since regeneration of neuron y^^^S^^^^^ When adminiStered 
istered once or more in order to contmuo us y intot Sem JJ^^JSL intervals. When administered to 
more than once, it is desirable to administer ^^^^^^y , es s than several tens mg. are 

3) Peptide of Semaphorin Y 

,<«», Sc™. l ,h.pep*«...n > .™o..h^ 
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"2) Modified protein of Semaphorin Y". 
4) Antibody against Semaphorin Y 
ro0921 Aneutraliringantibodyw^^ 

described in the above section "2) Modified prote.n of Semaphore ^^^f'^X^e ^43 269-272 (1990). 
in that it contains at least one of the proteins of ^^^^^^ 0 , cNS-neuron. they are also expected 

inserted into its chromosome, or has been knocked out transgenic animal 

[0097] Asapparentfromth^ 

which ^^^^r^S^^Z^ZS^ of MoSse Embryo" edited by B. Hogan era/., 1986, 
mation on Semaphorin Y of the presort invention^ marupu a vodosha etc Accordingly, the transgenic ani- 

Cold Spring Harbor Laboratory; Shinich, thus produced 

mal thus produced is naturally inc uded within the scope of theses ^™«J«sd for screening of pharmaceuti- 
is very useful as an animal model for developing P ha .™ n ^^ 

cals. Furthermore, a so-called knockout animal £ descrbed in mm. or as 

invention has been deleted is characterized in that ^ ^^^^^ft.,™ W^- 

srrapTorvT^ *— s « - — * anima,s are 

*nasbeena^s« 

nosuppression (Ce//, 25. 1389-1399 li»s*w. „ ^ , fo this technical field or for diagnosing 

££££ proteins transgenic animate and the like which can be used for such purposes. 
45 BRIEF DESCRIPTION OF DRAWINGS 

[0099] Fig. 1 shows a picture of electrophoresis indicating distribution of Semaphorin Y expression among various 
tissues determined by Northern analysis. electroohoresed on 1% agarose-forma- 

[0100] Total RNAswere extracted '™™" 8 X^^ 
so mide gel, blotted onto afilter. and hybridized w,th a l £j£^^ T £ "W* P"* *• result 

tion of Semaphorin Y mRNA expression. ^ ^^sm^^^S ri^oOTmaT RNAs^^e indicated at the left margin of the 
of autoradiography. The positions corresponding to 18S and 28S £««J* ™« a ^ respond 28 and 

panel The lower panel shows the ethidium bromide staining of the gel. The upper ana .ower u« t~ 

sues determined by Northern analysis. oiprimnhoresed on 1% agarose-formamide 
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'piM An expression plasrnid tor ^fT^^ ^SSS £S»L*n (indict as rSYm*). A 
ai Its O-tttminus «as eonstructed. and rtroduced rto ««7c«™ ™ w a , wxiuelng plas- 

various tissues determined by Northern analyse. electrophoresed on 1% agarose-formamide gel. 

[0108] Total RNAs were extracted from various tw« of adult, ^JJJJJ^ t0 determine the distribution of 
Lotted onto a filter, and hybridized S-K Z l£ upper panel shows the res.it of 

Semaphorin III mRNA express^ Frfteen W indicated «,ti.l-t margin of the figure. The lower 

omal RNAs, respectivly. 
EXAMPLES 

lMW Fu n^ pn*e*,as to, •*£^£~^£3i£m^ 

Example 1 

hn | nt jnn nf Spmaohorin Y gene 

(1) Search through database for a novel Semaphorin gene 

I0110] UsingthedbSSTdata^^^^ 
was performed torasequencewh,c^^^ 

genes and which is found in only cDNAs from postnatal bra,n ^ n °^ P n a ^ n0 acid6 common to known 
Le sequence of file No. R59527 proved to encode a sequent <«, o. seven ^ ^ ^ ^ 

Semaphorin genes (Gin (or and only severai percent of 

sisting of 238 bases is so short compared wrth the cDNto for known Semadlorins . ,„ addition, the reading 

the total bases couW be translated to a - JS^^SK ottSS determined. It was. therefore, 
frame could not be determined because the J^ u ? n ^™f ' ^ nove , Semaphorin gene. Then, the inventors 
iopossible to conclude that the ^^SiSSS. pressed in the aduE brain, and then sought to clone 

(2 ) Conf irmation of the expression of the gene containing the sequence of R59527 in the brain 

in *h 0 ariuit human CNS two DNA primers bounding a segment of about 
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4 ntt*>7 and used in PCR under conventional conditions together 
synthesized on the basis of the bas \ s ^ uen ^ As a result, about 170 bp fragment 

I* «w i""— * *• ■** tan 

(3) Isolation of rat Semaphorin Y gene 
[01121 U*ngthe170bp,ragmen^^^ 

a full-length cDNA containing the ^^^^^^Kcloned. A cDNA library was prepared by con- 
library is easier than that of human cDNA library, *• "JS^mSte udna mRNAs prepared from rat brain and 
venial methods deserved in the ? 
muscle by conventional procedures with Lambda Zap II (Uap^ cuna y k transferred onto 

ThousandWes were then generated on agar ^«^^^J^ ,£ed with ultraviolet rays of 0.6 
nylon membranes (Nippon Pall). After denaturing and neuta «2* e £e nylon membrane and the 170 bp DNA 
^.andusedinhyb^^ 

fragment labeled with 32 P (prepared using l *3^^ ( J?JL"2 rL um chloride, 10 mM sodium dihydrogenphos- 
bufler (45% (v/v) formamide, 5x SSPE ^^^^I^ Sl^^ 2 * SO,Uti ° n ^ 

phate. and 1 mM ethylenediaminetetraaceftcacd ' fJJSw salmon sperm DNA (Wako Pure Chemical 

Chemical Industries). 0.5% (w/v) ^'^'J^SiSS^ the nylon membrane was washed 2-3 
industries)) and allowing them to stand at 42°C for 48 hours. After the react . ^ sspE q ^ SDS ^ 

times in 2x SSPE, 0.5% (w/v) SDS at room ^^Z ^ ^^m Analyzer (Fuji Film), and 6 pos- 
42»C for 10 min. The filters thus prepared were ; ""^""^ were excised from the agar plates, placed .n 
itive signals were obtained. Plaques correspond.ng to the pc^tve signate % |atin) supple . 

500 ul of SM buffer (100 mM ^J^^S^M^JZ». ™> <«™**™« ,amWa ^ 
mented with 20 pi of chloroform, and M ^ omM J^T^mI,,, as described above, and single 
thus obtained were subjected to a s ^ a ^^2 e ^S in ^e following manner for in vivo excision of a 
plaques were isolated. The phages thus obtained were treated n tte o g ^ 4 
phagemid containing the cDNA insert, accordmg to ^^^T^^ « S m buffer, supplemented with 20 pi 
single plaques obtained in the secondary screening .were each £^*> ^ ^ ^ned, 200 pi of 
of chloroform, and then allowed to stand overmght at 4 C Two I ^ , 0 and 1 of ExAssist helper phage 
°E co,i XL-1 Blue MRP suspended ^^^fi^^u medium (prepared by mixing 0.5% 
(>1x10 6 pfu/ml) were mixed, and '"^f * *J 

w/v) sodiumchlorWe. 1%(w/v) Bactotrypton pjeo). i ^°fj JJJJI shaken at 37>C for 2-3 hours. The cells were 
to P H 7.0 using 5 M sodium hydroxide) was added, and J^JThtlSttd at 70»C for 1 5 min. The superna- 
removed by centrifuging at 2000xg ta -15 min ^^^0* solution of a phagemid containing the 
tant was then centrifuged again at 2000xg for 15 mm ^ T^STntod with 200 pi of £ coli SOLR (OD 600 =.1 .0), 
cDNA insert. An aliquot (10-100 A «**^Z££^Z£i ampiciilin'plate, and incubated overnight 

a^'t^ 

(4) DNA sequencing 

[0113] The base sequence of the cDNA Cone " 

Sequencer to determine the complete base '^^^^^^^fml^ frame (2787 bases), 
(Perkin-Elmer). The DNAbase sequence thus fJ^^jJ^fl^'jS: ! . 2. and 3. reepecHvery. 
and the amino acid sequen<^(929 an.no ac.^ 

STr59527 is a partial sequence of human Semaphorin Y gene. 
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Exam ple 2 

[01151 .nordertodeterminethe^ 

pared from various tissues and used in Northern analysisJWAs 193 7-1940; M. F. 

according to AGPC method (Takashi Tuji « ^J<^ (Greene Pub^sodates & Wi.ey- 

Ausubel ef a/, ed.. "Current Protocols in Molecular Biology . 989. P£ M citrate (p H 7.0). 0.5% 

intersdence). Briefly. 10 ml of a ^ turin ^^^^ homogenized using a Poly- 

sarkosyl. 0.1 M 2-mercaptoethanol) was added to J^?| ^°^ a |^^4 g) 1 volume of water-saturated phenol, 
tron homogenizer. To the tomogena^0 a ivo^me ^ 

and 0.2 volumes of chloroform-isoamyl alcohol (49 .1) were a <weoa ^ ^ mjxture ^ 

ugation. the aqueous layer was isolated, an equal f^^^^S^. and dissolved again in 2-3 ml of 
aSowed to stand at -20-C for 1 hour. ^^J m %^^Z T^ and the mixture was allowed 

briefly, and then dissolved in an appropriate amounj ;of water conventional methods 

10116] Subsequently. e, ^ h ° r * ,S *^ on 1% agarose gel containing for- 

described below. RNAs prepared from vanous t.ssu« ^« W J£ P ^ for ^ min . j*, RNAs were then 
maldehyde. The gel was shaken in 50 ^X^ZZ'nw* * *K*Y transfer, and fixed using a UV cross- 
blotted onto a nylon membrane (Biodyn ^ Jj^J^Sed as follows. Firstly, PCR was carried out 
,inker (Stratagene) (O-^cnf ) ^ ^ 9 (SEQ ID 
using two primers, 5' TGTQTAAADQTGACATQQ^5(SEQ t amp |jfy a fragment of 477 bp. This fragment 
NO: 11), with rat Semaphorin Y cDNA obtamed I r ^ ]£^SH £. sequence was determined to confirm 
was cloned into pCR II in the same manner as d ^^^^„ terrip Se. PCR was carried out in conven- 
that » was a fragment of rat Sernaphonn Yg^e. Using ^ 

tional manner with the above primers toarnphfy the ' "T™^^ ^b.^ system (Amersham) as described in 
<M using agarose gel was >**fr^™ !3^b^^*ta. membrane and the probe DNA in 
Example 1 , and used as a probe^ ^.^^^^ZloLn to stand at 42«C for 48 hours. After the reac- 
the same hybridization buffer as described above n (2) *™ t ^ ^ ^ ^ ^ tjmes 

,ion, the nylon membrane was washed 1 2-3 bmes "^L^^SitnUnm was then analyzed using BAS 2000 
in 2x SSPE, 0.5% SDS (w/v) at 55-C for that mRNA for Semaphorin Y was wWely 

Bio-Imaging Analyzer. As shown in Figs. 1 and 2 th result dernons^ ^ ^ only of 
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Fyamole 3 

det ^"in a tinn of human Semaphorin Y 
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,0117] SinceR59527hasprovedtobepar™ 

Ling the sequence -^^ , < S^^^?S n ^K sequence had a high homologyto 
sequence was determined by the method *«^J°£J " e N0 . , with 74% rt the bases being the same. In addi- 
theertirebase sequence for rat Sen^hor,^ 

tion, the 5" region of the base sequence contains a «J£J*** „ ide ntJty of 82% with that of the region 
continuously translated into 427 ammo aads. ^ n ^~^S^ 8 , D N0: 3, indicating that the sequence was 
,rom position 504 to position 929 of rat ^""^^[^^^^l^^^p^^in^i to the N-terminal of human Semaphorin 
certainly part of human Semaphorm Y sequence for human Semaphorin Y 

Ycouldnotbedeterminedfrom^ ^Stratagene were screened as 

in full length, human hippocampus and I torebran cDNA P to ^ nactone#1 o. The bas. sequence 
described above using various rat ^^^^^^^^ with the above clone #41581 by 
of the clone #10 determined by the same rnore than 1700 bases. The com- 
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r- • ^LR has been deposited at The National Institute of Bioscience and Human Technology (1-1-3 

into E. coli strain SOLR, has been aeposiieu « 

[01191 £ col star OHIOB (N041S81), .MMta^*!."** ILTcDN* ?lor taman SemapHo.il. V) In a «*r 

Fxamole 4 

M IMrj!ju tj a ^^ 

[012 0] Northernanalysfcwasp^rm^ 

using a rat Semaphorin Y cDN fragment con ?%^™£Z^ Y mRNA expression among various regions 
obtained by PCR as a probe to d ^ m !] e }^^,^ n y m m^^y expressed in various reg-ons 

20 Example 5 

Hf rn"inn trt "Wr*"*" 1 Y in anirnal cel|s 
[0122] AfragmentenccdingMycfcg^^ 

was inserted just before the stop codon of rat Sm^ Y ™ cos 7 ce || S according to DEAE^extran 

expression plasmW pUCSRa. The expression "^^JSS'St, Wiley &Sons, 1987), and the cells were 
iod ("Current Protocols in Molecular Biology «Med by F. in the presence of Solution A contain- 

harvested with a cell scraper after 48 ^^f^^^A HEPES pH 7.4. 1 mM EDTA, 50nM leupeptm, 2 
ing protease inhibitors (Hank's physiological saline ro ^" ,ng a ^° t ; e M h l 0 ^ oaer ; t e was separated into precipitate and 
'Jpepstatin, 0.5 mM PMSF, and 7.8 mT,u/m ^;^^SSl the high-speed centrifugation 
supernatant by high-speed centr, ugation ^^J^ in A, suspended in 2 volumes of 2.25 M 
wnich contained the ™^ ran ^ 0 "^^^ 

SST-'SSSS T~^Z:Z recover* from the lower interface, further washed 

ofojg in conventional manner to confirm the production ^rSa\ase^led anti-mouse IgQ antibody (Bio- 
dure, an anti-Myc antibody 9E10 ^ reS ult of Western Wotting showed a 

3SSS252Ss=." 
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Exam ple 6 

45 Artiv/i ty measur rm?"* ^ ftomaphorin Y 
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H^Livuy MI|: -"""' w " 

[0124] Themenfcranefraclionob*^ 

rom COS 7 cells untransfected with Semaphonn Y are ^"^^^wd b y the method described in M. 
Lordorsauootg^ 

igarashi et a/.. Science. 255. ^^l^XSY^sasignHicantly high growth^orn Elapse activity, 
transfected with the expression plasmid for Semapnonn t y 

Rpfprance e xample 1 
[0125] Idjntjfk^^ 

948 (1995). and the structural gene ^ oSE*-n« method. After 2 days, the Semaphonn III 

expression plasmid was then introduced into COS 7 cells Dy 
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198 in the amino acid sequence of human Semaphorin Y shown in SEQ ID NO: 6. 

T5 Reference example 2 

Ti^.a-snedfic r* - T""*" of Semanhorin III determined hy Northern analysis 

25 EFFECTS OF THE INVENTION 

f01281 The present invention provides Semaphorin Y inhibiting neurite outgrowth, and a gene therefor. as > well 1 as 

- mmmmmm 

Semaphorin Y 
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SEQUENCE LISTING 

SEQ ID NO: 1 

SEQUENCE LENGTH: 3195 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: double 
TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
ORIGINAL SOURCE: 

ORGANISM: rat (Rattus norvegicus) 
TISSUE TYPE: brain 
FEATURE: 

FEATURE KEY: 5' UTR 
LOCATION: 1..50 
IDENTIFICATION METHOD: E 

FEATURE KEY: CDS 
LOCATION: 51. .2837 
IDENTIFICATION METHOD: E 

FEATURE KEY: 3* UTR 
LOCATION: 2838. .3195 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 
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GCGGCCGCGT CGACGGGGTA CTCCCTGGGG CTTGAGCTGC CCCGCACAGG ATGCCCCGTG 60 
CCCCCCACTC CATGCCCTTG CTGCTGCTGT TGCTGCTGTC ACTCCCCCAA GCCCAGACTG 120 
CCTTTCCCCA GGACCCCATC CCTCTGTTGA CaaGACa ACAAGGTACC TCTCCGTCAT 180 
CCTGGTTCCG GGGCCTGGAG GACGATGCTG TGGCTGCGGA ACTTGGGCIG GACTTTCAGA 240 
GATTCCTGAC CTTGAACOGG ACCTTGCTTG TGGCTGCCCG GGATCACGTT TTCTCCTTCG 300 
ATCTTCAAGC CCAAGAAGAA GGGGAGGGGC TGGTGCCCAA CAAGTTTCTG ACATGGCGGA 360 
GCCAAGACAT GGAGAATTGT GCTGTCCGGG GAAAGCTGAC GGACGAATGC TACAACTACA 420 
TCCGTGTTCT TGTTCCCTGG GACTCGCAGA CACTCCTTGC CTGTGGAACA AATTCCTTCA 480 
GCCCTGTGTG TCGCAGCTAT GGGATAACAT CTCTGCAACA GGAGGGTGAG GAGCTGAGTG 540 
GGCAAGCTCG ATGCCCCTTT GATGCCACCC AGTCCACTGT GGCCATCTCT GCAGAGGGTA 600 
GTTTGTACTC AGCCACAGCA GCAGATTTCC AGGCCAGTGA TGCTGTGGTT TACAGAAGCC 660 
TTGGACCTCA CCCCCCAaC CGTTCTGCAA AGTATGACTC CAAGTGGCTT CGAGAGCCAC 720 
ACTTTGTCTA TGCTTTGGAG CATGGAGACC ATGTCTACTT CTTTCTTCCG GAGAAGTCTC 780 
TGTGGAGGAC GCCCGGCCTG GGGAGGGTGC AGTTTTCCCG CGTGGCCCGG GTGTGTAAAC 840 
GTGACATGGG TGGCTCACCA CGGGCCTTGG ATCGCCACTG GACATCCTTC CTTAAGCTGA 900 
GGCTCAACTG CTCCGTCCCT GGGGACTCTA CCTTCTACTT TGATGTCTTA CAGTCCTTAA 960 
CTGGGCCTGT GAACCTGCAT GGGCGCTCTG CCCTCTTTGG GGTCTTCACT ACTCAGACCA 1020 
ATAGCATTCC TGGGTCTGCA GTCTGCGCCT TCTACCTAGA TGACATTGAA CGTGGCTTTG 1080 
AGGGCAAGTT CAAGGAGCAG AGGAGTCTGG ATGGGGCCTG GACTCCTGTG TCTGAGGACA 1140 
AAGTCCCCTC ACCCAGGCCA GGGTCCTGTG CAGGTGTGGG TGCAGCTGCC TTATTCTCCT 1200 
CCTCTCAAGA CCTGCCTGAC GATGTCCTGC TCTTCATCAA GGCACACCCA CTGCTGGATC 1260 
CCGCTGTGCC AC CT GCCACC CATCAACCTC TCCTCACTCT GACTAGCAGG GCTCTACTGA 1320 
CCCAGGTAGC TGTGGATGGT ATGGCTGGCC CCCACAGAAA TACTACAGTC CTGTTTCTTG 1380 
GCTCCAATGA TGGGACAGTG CTGAAGGTGC TACCTCCAGG GGGACAGTCT CTGGGACCCG 1440 
AGCCTATCAT ATTGGAAGAG ATTGATGCCT ACAGCCATGC CCGGTGCAGT GGGAAGCGGT 1500 
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CACCCCGAGC TGCTCGACGG ATCATACGGC TGGAGCTGGA CACTGAGGGT CACAGGCTTT 1560 

nffTCGorr tcctggatgc atcgtctacc tctctctcag ccgctgtgcc cggcatggag 1620 

CATGTCAGAG GAGCTGCCTG GCTTCTCTGG ACCCATACTG TGGATGGCAT CGCTTCCGAG 1680 
GCTGTGTGAA TATCAGGGGA CCTGGAGGGA CTGATGTGGA TCTGACTGGG AACCAGGAAT 1740 
10 CCATGGACCA TGGTGACTGC CAAGATGGAG CGACTGGGAG TCAGTCTGGC CCTGGAGATT 1800 

CTCCCTATGG CGTGCGCAGG GACCTTTCCC CAGCCTCAGC CTCCCGATCC ATCCCCATCC 1860 
CACTCCTCCT GGCCTGTGTG GCGGCGGCCT TCGCTTTGGG CGCCTCAGTC TCCGGCCTCT 1920 
TGGTGTCCTG TGCTTGTCGT CGCGCGAACC GCCGTCGGAG CAAGGACATC GAGACCCCGG 1980 
CGCTGCCGCG CCCCCTCTCC CTTCGCAGTC TGGCGAGGCT GCACGGTGGC GGTCCTGAGC 2040 
20 CCCCGCaCC GCCCAAGGAT GGTGATGCAG CGCAAACGCC CCAGCTCTAC ACTACCTTCC 2100 

TGCCTCCGCC CGAGGGCGGA TCCCCACCGG AGCTGGCCTG CCTGCCCACC CCGGAGACCA 2160 
CGCCCGAGCT GCCGGTGAAG CACCTCCGTG CCTCCGGGGG TCCCTGGGAG TGGAACCAGA 2220 
ACGGGAACAA CGCTTCCGAG GGCCCAGGCC GCCCACGGGG CTGCAGCGCG GCGGGCGGGC 2280 
CCGCCCCGCG CGTGCTGGTG AGGCCACCGC CCCCTGGCTG CCCCGGGCAG GAGGTGGAGG 2340 
TGACCACGCT GGAGGAACTG CTGCGCTACC TGCACGGCCC GCAGCCGCCC AGGAAGGGCA 2400 
GCGAACCTCT CGCCTCCGCC CCGTTCACCT CCCGGCCGCC TGCCTCGGAG CCCGGCGCCG 2460 
35 CCTTGTTCGT GGACTCCAGC CCGATGCCTC GTGATTGCGT GCCGCCGCTG AGGCTCGACG 2520 

TACCGCCCGA CGGCAAGCGC GCGGCCCCGA GCGGGCGGCC TGCTCTCTCG GCCCCGGaC 2580 
CACGCCTGGG CGTCAGCGGC AGCCGAAGAT TGCCaTCCC CACGCACCGG GCGCCCCCGG 2640 
GCCTGCTCAC CCCAGTCCCC TCGGGAGGCC CGTCCAGGTA CTCCGGGGGG CCCGGGAGGC 2700 
ACCTCCTGTA CCTGGGCCGG CCCGACGGCC ACCGCGGCCC CTCCCTGAAG AGGGTGGACG 2760 
TGAAGTCTCC ACTGTCGCCC AAACCGCCCC TCGCCACACC GCCGCAGCCC GCCCCGCACG 2820 
GCAGCCATTT TAACTTCTGA CAGAAGCTGC TAGCGCCCGT CGAGGCGCTG GAGGCCTAGG 2880 
50 CCTGCGGAGG CCGCTGGCCT TCCCGCAaC CAAGACTCTC CCGGGGTCCC CTCTCGCCTC 2940 

GCTTTATTTA TTGACTGTCT HCCCCCTGT CCTTTGGCGA GGAGCTCGCC GCTCGGAGCG 3000 
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CCAGCATTTC AGGGGACCTG GCCGACTCCC ACTCCCCGCT CCCTTCCAGC CACGCTGCCT 3060 
TAACTCGTCG CTCCGGACTC CCGCGGACTG GGCCCCGGGC GGGCCGGCCG GGGCTGGAGC 3120 
CGCGCGCTGT GTACAGAGTC CTCCGGCCTC CTGGGGCCGG GACGTGCCTC CTCCTACTGT 3180 

3195 

GTAGGAGCCC CCACC 



SEQ ID NO: 2 

SEQUENCE LENGTH: 2787 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDED NESS: double 
TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
ORIGINAL SOURCE: 

ORGANISM: rat (Rattus norvegicus) 
TISSUE TYPE: brain 
FEATURE: 

FEATURE KEY: CDS 
LOCATION: 1..2787 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 

ATGCCCCGTG CCCCCCACTC CATGCCCTTG CTGCTGCTGT TGCTGCTGTC ACTCCCCCAA 
GCCCAGACTG CaTTCCCCA GGACCCCATC CCTCTGTTGA CCTCTGACCT ACAAGGTACC 
TCTCCGTCAT CCTGGTTCCG GGGCCTGGAG GACGATGCTG TGGCTGCGGA ACTTGGGCTG 
GACTTTCAGA GATTCCTGAC CTTGAACCGG ACCTTGCTTG TGGCTGCCCG GGATCACGTT 
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TTCTCCTTCG ATCTTCAAGC CCMCAAGAA GGGGAGGGGC TGGTGCCCAA CAAGTTTCTG 300 
ACATGGCGGA GCCMGACAT GGAGAATTGT GCTGTCCGGG GAAAGCTGAC GGACGAATGC 360 
TACAACTACA TCCGTGTTCT TGTTCCCTGG GACTCGCAGA CACTCCTTGC CTGTGGAACA 420 
AATTCCTTCA GCCCTGTGTG TCGCAGCTAT GGGATAACAT CTCTGCAACA GGAGGGTGAG 480 
GAGCTGAGTG CCCAAGCTOG ATGCCCCTTT GATGCCACCC AGTCCACTGT GGCCATCTCT 540 
GCAGAGGGTA GTTTGTACTC AGCCACAGCA GCAGATTTCC AGGCCAGTGA TGCTGTGGTT 600 
TACAGAAGCC TTGGACCTCA GCCCCCACTC CGTTCTGCAA AGTATGACTC CAAGTGGCTT 660 
CGAGAGCCAC ACTTTGTCTA TGCTTTGGAG CATGGAGACC ATGTCTACTT CTTTCTTCCG 720 
GAGAAGTCTC TGTGGAGGAC GCCCGGCCTG GGGAGGGTGC AGTnTCCCG GGTGGCCCGG 780 
GTGTGTAAAC GTGACATGGG TGGCTCACCA CGGGCCTTGG ATCCCCACTG GACATCCTTC 840 
CTTAAGCTGA GGCTCAACTG CTCCGTCCCT GGGGACTCTA CCTTCTACTT TGATGTCTTA 900 
CAGTCCTTAA CTGGGCCTGT GAACCTGCAT GGGCGCTCTG CCCTCTTTGG GGTCTTCACT 960 
ACTCAGACCA ATAGCATTCC TGGGTCTGCA GTCtGCGCCT TCTACCTAGA TGACATTGAA 1020 
CGTGGCTTTG AGGGCAAGTT CAAGGAGCAG AGGAGTCTGG ATGGGGCCTG GACTCCTGTG 1080 
TCTGAGGACA AAGTCCCCTC ACCCAGGCCA GGGTCCTGTG CAGGTGTGGG TGCAGCTGCC 1140 
TTATTCTCCT CCTCTCAAGA CCTGCCTGAC GATGTCCTGC TCTTCATCAA GGCACACCCA 1200 
CTGCTGGATC CCGCTGTGCC ACCTGCCACC CATCAACCTC TCCTCACTCT GACTAGCAGG 1260 
GCTCTACTGA CCCAGGTAGC TGTGGATGGT ATGGCTGGCC CCCACAGAAA TACTACAGTC 1320 
CTGTTTCTTG GCTCCAATGA TGGGACAGTG CTGAAGGTGC TACCTCCAGG GGGACAGTCT 1380 
CTGGGACCCG AGCCTATCAT ATTGGAAGAG ATTGATGCCT ACAGCCATGC CCGGTGCAGT 1440 
GGGAAGCGGT CACCCCGAGC TGCTCGACGG ATCATAGGGC TGGAGCTGGA CACTGAGGGT 1500 
CACAGGCTTT TTGTGGCCTT TCCTGGATGC ATCGTCTACC TCTCTCTCAG CCGCTGTGCC 1560 
CGGCATGGAG CATGTCAGAG CAGCTGCCTG GCTTCTCTGG ACCCATACTG TGGATGGCAT 1620 
CGGTTCCGAG GCTGTGTGAA TATCAGGGGA CCTGGAGGGA CTGATGTGGA TCTGACTGGG 1680 
AACCAGGAAT CCATGGAGCA TGGTGACTGC CAAGATGGAG CGACTGGGAG TCAGTCTGGC 1740 

55 



30 



40 



45 



23 



10 



1S 



20 



EP 0 960 937 A1 

CCTGGAGATT CTGCCTATGG CGTGCGCAGG GACCTTTCCC CAGCOCAGC CTCCCGATCC 1800 
ATCCCCATCC CACTCCTCCT GGCCTGTGTG GCGGCGGOCT TCGCTTTGGG CGCCTCAGTC 1860 
TCCGGCCTCT TGGTGTCCTG TGCTTGTCGT CGCGCGAACC GCCGTCGGAG CAAGGACATC 1920 
GAGACCCCGG GGCTGCCGCG CCCCCTCTCC CTTCGCAGTC TGGCGAGGCT GCACGGTGGC 1980 
GGTCCTGAGC CCCCGCCTCC GCCCAAGGAT GGTGATGCAG CGCAAACGCC CCAGCTCTAC 2040 
ACTACCTTCC TGCCTCCGCC CGAGGGCGGA TCCCCACCGG AGCTGGCCTG CaGCCCACC 2100 
CCGGAGACCA CGCCCGAGCT GCCGGTGAAG CACCTCCGTG CCTCCGGGGG TCCCTGGGAG 2160 
TGGAACCAGA ACGGGAACAA CGCTTCGGAG GGCCCAGGCC GCCCACGGGG CTGCAGCGCG 2220 
CCGGGCGGGC CCGCCCCGCG CGTGCTGGTG AGGCCACCGC CCCCTGGCTG CCCCGGGCAG 2280 
GAGGTGGAGG TGACCACGCT GGAGGAACTG CTGCGCTACC TGCACGGCCC GCAGCCGCCC 2340 
AGGAAGGGCA GCGAACCTCT CGCCTCCGCC CCGTTCACCT CCCGGCCGCC TGCCTCGGAG 2400 
» CCCGGCGCCG CCTTGTTCGT GGACTCCAGC CCGATGCCTC GTGATTGCGT GCCGCCGCTG 2460 

AGGCTCGACG TACCGCCCGA CGGCAAGCGC GCGCCCCCCA GCGGGCGGCC TGCTCTCTCG 2520 
GCCCOGGCTC CACGCCTGGG CGTCAGCGGC AGCCGAAGAT TGCCCTTCCC CACGCACCGG 2580 

30 

GCGCCCCCGG GCCTGCTCAC CCGAGTCCCC TCGGGAGGCC CGTCCAGGTA CTCCGGGGGG 2640 
CCCGGGAGGC ACCTCCTGTA CCTGGGCCGG CCCGACGGCC ACCGCGGCCG CTCCCTGAAG 2700 

AGGGTGGACG TGAAGTCTCC ACTGTCGCCC AMCCGCCCC TCGCCACACC GCCGCAGCCC 2760 

GCCCCGCACG GCAGCCATTT TAACTTC 

40 

SEQ ID NO: 3 

SEQUENCE LENGTH: 929 amino acids 
SEQUENCE TYPE: amino acid 
TOPOLOGY: linear 
so MOLECULE TYPE: peptide 

ORIGINAL SOURCE: 
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ORGANISM: rat (Rattus norvegicus) 
TISSUE TYPE: brain 
FEATURE: 

FEATURE KEY; peptide 
LOCATION: 1..929 
IDENTIFICATION METHOD: P 
SEQUENCE DESCRIPTION: 

Met Pro Arg Ala Pro His Ser Met Pro Leu Leu Leu Lea Leu Leu Leu 

5 10 15 

Ser Leu Pro Gin Ala Gin Thr Ala Phe Pro Gin Asp Pro lie Pro Leu 

20 25 30 

Leu Thr Ser Asp Leu Gin Gly Thr Ser Pro Ser Ser Tr P Phe Arg Gly 

35 40 « 

Leu Glu Asp Asp Ala Val Ala Ala Glu Leu Gly Leu Asp Phe Gin Arg 

50 55 60 

Phe Leu Thr Leu Asn Arg Thr Leu Leu Val Ala Ala Arg Asp His Val 
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7= 80 
35 65 70 75 



Phe Ser Phe Asp Leu Gin Ala Gin Glu Glu Gly Glu Gly Leu Val Pro 

85 90 95 

Asn Lys Phe Leu Thr Trp Arg Ser Gin Asp Met Glu Asn Cys Ala Val 

100 105 "0 

Arg Gly Lys Leu Thr Asp Glu Cys Tyr Asn Tyr lie Arg Val Leu Val 

115 12° 125 

Pro Trp Asp Ser Gin Thr Leu Leu Ala Cys Gly Thr Asn Ser Phe Ser 



130 



135 "0 
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Pro Val Cys Arg Ser Tyr Gly He Thr Ser Leu Gin Gin Glu Gly Glu 
148 

Glu Leu Ser Gly Gin Ala Arg Cys Pro Phe Asp Ala Thr Gin Ser Thr 

165 170 1 ?S 

Val Ala lie Ser Ala Glu Gly Ser Leu Tyr Ser Ala Thr Ala Ala Asp 

180 185 190 

Phe Gin Ala Ser Asp Ala Val Val Tyr Arg Ser Leu Gly Pro Gin Pro 
195 200 205 

Ser Ala Lys Tyr Asp Ser Lys Trp Leu Arg Glu Pro His 
215 220 



Pro Leu Arg 
210 



Phe Val Tyr Ala Leu 



225 



Glu His Gly Asp His Val Tyr Phe Phe Leu Pro 



230 



235 



240 



CI. Lys Ser Leu Trp Arg Thr Pro Gly Leu Gly Arg Val Gin Phe Ser 

245 250 255 

Arg Val Ala Arg Val Cys Lys Arg Asp Met Gly Gly Ser Pro Arg Ala 

260 265 270 

Leu Asp Arg His Trp Thr Ser Phe Leu Lys Leu Arg Leu Asn Cys Ser 

275 280 285 

Val Pro Gly Asp Ser Thr Phe Tyr Phe Asp Val Leu Gin Ser Leu Thr 

290 295 300 

Gly Pro Val Asn Leu His Gly Arg Ser Ala Leu Phe Gly Val Phe Thr 



305 



310 315 320 

Thr Gin Thr Asn Ser He Pro Gly Ser Ala Val Cys Ala Phe Tyr Leu 

325 330 335 

Asp Asp He Glu Arg Gly Phe Glu Gly Lys Phe Lys Glu Gin Arg Ser 
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350 



340 345 
Leu Asp Gly Ala Trp Thr Pro Val Ser Glu Asp Lys Val Pro Ser Pro 

355 36° 365 

Ar g Pro Gly Ser Cys Ala Gly Val Gly Ala Ala Ala Leu Phe Ser Ser 

370 375 380 

Ser Gin Asp Leu Pro Asp Asp Val Leu Leu Phe lie Lys Ala His Pro 



385 



390 



395 



400 



Leu Leu Asp Pro Ala Val Pro Pro Ala Thr His Gin Pro Leu Leu Thr 



405 



410 



415 



Leu Thr Ser Arg Ala Leu Leu Thr Gin Val Ala Val Asp Gly Met Ala 

420 425 
Cly Pro His Arg Asn Thr Thr Val Leu Phe Leu Gly Ser Asn Asp Gly 

435 440 445 

Thr Val Leu Lys Val Leu Pro Pro Gly Gly Gin Ser Leu Gly Pro Glu 



450 



455 



460 



Pro lie lie Leu Glu Glu He Asp Ala Tyr Ser His Ala Arg Cys Ser 

ATCi 480 

465 470 475 

Gl, Lys Ar g Ser Pro Arg Ala Ala Arg Arg He He Gly Leu Glu Leu 

485 490 495 

Asp Thr Glu Gly His Arg Leu Phe Val Ala Phe Pro Gly Cys lie Val 
500 505 510 

Arg Cys Ala Arg His Gly Ala Cys Gin Arg Ser 



Tyr Leu Ser Leu Ser 



515 



520 



525 



Cys Leu Ala Ser Leu Asp Pro Tyr Cys Gly Trp His Arg Phe Arg Gly 



530 
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Cys Val Asn lie Arg Gly Pro Gly Gly Thr Asp Val Asp Leu Thr Gly 
545 550 555 560 

Asn Gin Glu Ser Met Glu His Gly Asp Cys Gin Asp Gly Ala Thr Gly 

565 570 575 

Ser Gin Ser Gly Pro Gly Asp Ser Ala Tyr Gly Val Arg Arg Asp Leu 

580 585 590 

Ser Pro Ala Ser Ala Ser Arg Ser lie Pro lie Pro Leu Leu Leu Ala 

595 600 6° 5 

Cys Val Ala Ala Ala Phe Ala Leu Gly Ala Ser Val Ser Gly Leu Leu 

610 615 620 

Val Ser Cys Ala Cys Arg Arg Ala Asn Arg Arg Arg Ser Lys Asp lie 



625 



630 



635 



640 



Glu Thr Pro Gly Leu Pro Arg Pro Leu Ser Leu Arg Ser Leu Ala Arg 



645 



650 



655 



Leu His Gly Gly Gly Pro Glu Pro Pro Pro Pro Pro Lys Asp Gly Asp 

660 665 670 

Ala Ala Gin Thr Pro Gin Leu Tyr Thr Thr Phe Leu Pro Pro Pro Glu 

675 680 685 

Gly Gly Ser Pro Pro Glu Leu Ala Cys Leu Pro Thr Pro Glu Thr Thr 

690 695 700 

Pro Glu Leu Pro Val Lys His Leu Arg Ala Ser Gly Gly Pro Trp Glu 
705 

Trp Asn Gin Asn Gly Asn Asn Ala Ser Glu Gly Pro Gly Arg Pro Arg 



725 



730 



735 



Gly Cys Ser Ala Ala Gly Gly Pro Ala Pro Arg Val Leu Val Arg Pro 
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740 745 750 

Pro Pro Pro Gly Cys Pro Gly Gin Glu Val Glu Val Thr Thr Leu Glu 

755 760 765 

Glu Leu Leu Arg Tyr Leu His Gly Pro Gin Pro Pro Arg Lys Gly Ser 

770 775 780 

Glu Pro Leu Ala Ser Ala Pro Phe Thr Ser Arg Pro Pro Ala Ser Glu 
785 790 795 800 

Pro Gly Ala Ala Leu Phe Val Asp Ser Ser Pro Met Pro Arg Asp Cys 

805 810 815 

Val Pro Pro Leu Arg Leu Asp Val Pro Pro Asp Gly Lys Arg Ala Ala 

820 825 830 

Pro Ser Gly Arg Pro Ala Leu Ser Ala Pro Ala Pro Arg Leu Gly Val 

835 840 845 

Ser Gly Ser Arg Arg Leu Pro Phe Pro Thr His Arg Ala Pro Pro Gly 

850 855 860 

Leu Leu Thr Arg Val Pro Ser Gly Gly Pro Ser Arg Tyr Ser Gly Gly 
865 870 875 880 

Pro Gly Arg His Leu Leu Tyr Leu Gly Arg Pro Asp Gly His Arg Gly 
885 890 



895 



Ar g Ser Leu Lys Arg Val Asp Val Lys Ser Pro Leu Ser Pro Lys Pro 

900 905 910 

Pro Leu Ala Thr Pro Pro Gin Pro Ala Pro His Gly Ser His Phe Asn 

920 925 



915 



Phe 
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SEQ ID NO: 4 

SEQUENCE LENGTH: 3432 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: double 
TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
ORIGINAL SOURCE: 

ORGANISM: human (Homo sapiens) 
TISSUE TYPE: child brain 
FEATURE: 

FEATURE KEY: 5' UTR 
LOCATION: 1..187 
IDENTIFICATION METHOD: E 

FEATURE KEY: CDS 
LOCATION: 188. .2977 
IDENTIFICATION METHOD: E 

FEATURE KEY: 3' UTR 
LOCATION: 2978. .3407 
IDENTIFICATION METHOD: E 

FEATURE KEY: polyA signal 
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LOCATION: 3408.. 3432 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 

AAAACCACGG ATTGCGAACT CAGCGCAGCG CGTGGCCGCT GGCCGCCCGC GGCGATCTCG 60 
ATCCCCCTCA CCCGAATCCT GGAGTCACAG GTTTCCTATC CCCCTCAACC CCCCACAGGA 120 
GTCACCAACC CAGGGCCGGC TTATGGGTGA GGGGGCACCC CCTGGGGCCT GAGCTGCCCC 180 
ACACAGGATG CCCCGTGCCC CCCAOTCAT GCCCTTGCTG CTACTGCTGC TGCTGCTCTC 240 
ACTTCCCCAT ACTCAGGCCG CCTTTCCCCA GGACCCCCTC CCTCTGTTGA TCTCTGACCT 300 
TCAAGGTACT TCCCCATTAT CCTGGTTTCG GGGCCTGGAG GATGATGCTC TGGCTGCAGA 360 
ACTTGGGCTG GACTTTCAGA GATTCCTGAC CTTGAACCGG ACCTTGCTAG TGGCTGCCCG 420 
GGATCACGTT TTCTCCTTCG ATCTTCAAGC CGAAGAAGAA GGGGAGGGGC TGGTGCCCAA 480 
CAAGTATCTA ACATGGAGAA GCCAAGATGT GGAGAACIGT GCTGTACGGG GAAAGCTGAC 540 
GGATGAGTGC TACAACTATA TTCGTGTTCT TGTTCCCTGG GACTCCCAGA CGCTCCTTGC 600 
CTGTGGAACG AACTCATTCA GCCCTGTGTG CCGCAGCTAT GGGATAACTT CGCTGCAGCA 660 
GGAGGGTGAG GAACTGAGTG GGCAGGCTCG ATGCCCCTTT GATGCCACCC AGTCCAACGT 720 
GGCCATCTTT GCAGAGGGCA GCCTGTACTC AGCCACAGCT GCGGATTTCC AGGCCAGTGA 780 
TGCTGTAGTT TACAGAAGCC TTGGGCCCCA GCCCCCACTC CGCTCCGCCA AGTATGACTC 840 
CAAGTGGCTC CGAGAGCCAC ACTTTGTCCA GGCCTTGGAG CATGGAGACC ATGTCTACTT 900 
CTTCTTCCGC GAGGTCTCTG TGGAGGATGC TCGGCTGGGG AAGGTGCAGT TCrCCCGCGT 960 
AGCCCGAGTA TGTAAACGTG ACATGGGCGG CTCGCCTCGG GCCTTGGACC GCCACTGGAC 1020 
ATCCTTCCTG AAGCTTCGGC TCAACTGCTC TGTCCCTGGG GACTCTACTT TCTATTTTGA 1080 
TGTTTTACAG GCCTtGACTG GGCCTGTGAA CCTGCATGGC CGCTCTGCTC TCTTTGGGGT 1140 

crrcAccAcc cagaccaata gcatccctgg ctctgccgtc tgcgccttct ACCTGGATGA 1200 

GATTGAGCGT GGGTTTGAGG GCAAGTTCAA GGAGCAGAGG AGTCTGGATG GGGCCTGGAC 1260 
TCaGTGTCT GAGGACAGAG TTCCCTCACC CAGGCCAGGA TCCTGTGCAG GAGTAGGGGG 1320 
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AGCTGCCTTG TTCTCCTCTT CCCCAGACCT CCCTGATCAT GTCCTGACCT TCATCAAGGC 1380 
TCACCCGCTG CTGGACCCCG aGTACCACC TGTCACCCAT CAGCCTCTAC TCACTCTCAC 1440 
TAGCAGGGCC CTACTGACCC AAGTAGCTGT GGATGGCATG GCTGGTCCCC ACAGTAACAT 1500 
CACAGTCATG TTCCTTGGCT CCAATGATGG GACAGTGCTG AAGGTGCTGA CCCCAGGTGG 1560 
GCGATCCGGG GGACCTGAGC CCATCCTCCT GGAAGAGATT GATGCCTACA GCCCTGCCCG 1620 
GTGCAGTGGG AAGCGGACAG CCCAAACAGC ACGACGGATC ATAGGGCTGG AGCTGGACAC 1680 
TGAGGGTCAC AGGCTTTTTG TGGCTTTTTC TGGCTGTATT GTCTACCTCC CTCTCAGCCG 1740 
GTGTGCCCGG CATGGGGCCT GTCAGAGGAG CTGTTTGGCT TCTCAGGACC CATACTGTGG 180O 
ATGGCATAGC TCCAGGGGCT GTGTGGATAT CAGGGGATCT GGTGGCACTG ATGTGGATCA 1860 
GGCTGGGAAC CAGGAATCCA TGGAGCATGG TGACTGCCAA GATGGAGCTA CTGGGAGTCA 1920 
GTCTGGCCCT GGGGATTCTG CTTATGGCGT GCGCCGGGAC CTGCCCCCAG CCTCGGCCTC 1980 
CCGCTCCGTC CCCATCCCAC TCCTCCTGGC CAGTGTGGCC GCAGCTTTTG CCCTGGGCGC 2040 
CTCAGTCTCT GGCCTCCTGG TCTCCTGTGC TTGTCGCCGC GCCCACCGAC GTCGGGGCAA 2100 
GGACATCGAG ACTCCCGGGC TCCCGCGCCC TCTCTCCCTC CGCAGTTTGG CCCGGCTCCA 2160 
CGGTGGGGGC CCAGAGCCCC CGCCGCCCTC CAAGGACGGG GACGCGGTGC AGACGCCGCA 2220 
GCTCTACACC ACCTTCCTGC CGCCTCCGGA GGGCGTGCCC CCGCCGGAGC TGGCCTGCCT 2280 
GCCCACCCCC GAGTCCACGC CGGAGCTGCC GGTCAAGCAC CTCCGCGCCG CCGGGGACCC 2340 
CTGGGAGTGG AACCAGAACA GGAACAACGC CAAGGAGGGT CCGGGCCGCT CACGGGGCGG 2400 
GCACGCGGCG GGCGGGCCCG CGCCCCGCGT GCTGGTGAGG CCACCGCCGC CCGGaGTCC 2460 
CGGGCAGGCC GTGGAAGTCA CCACCCTGGA GGAACTGCTG CGCTACCTGC ACGGCCCGCA 2520 
GCCGCCCAGA AAGGGGGCCG AGCCCCCCGC CCCTTTAACC TCGCGGGCGC TCCCGCCGGA 2580 
GCCCGCCCCC GCCCTCTTGG GCGGCCCCAG CCCCAGGCCC CACGAGTGCG CCTCGCCGCT 2640 
GAGGCTGGAC GTGCCCCCCG AGGGCAGGTG CGCCTCTGCC CaGCCCGGC CCGCGCTCTC 2700 
CGCCCCCGCT CCCCGGCTGG GCGTCGGCGG AGGCCGGAGG TTGCCTTTCT CCGGCCACCG 2760 
GCaCCCCCT GCCCTGCTCA CTCGAGTCCC CTCGGGAGGT CCCTCCAGGT ACTCCCGGGC 2820 
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TCCCGOGAAG CACCTCCTGT ACCTGGGCCG GCCCGAGGGC TACCGGGGCC GCGCCCTGAA 2880 
AAGGGTGGAC GTCGAGAAGC CCCAGTTGTC CCTGAAGCCT CCCCTCGTCG CKXCCTCCTC 2940 
CCGCCAGGCC GTCCCGAACG GCGGCCGTTT CAACTTTTAA AGGGAGCGGT CCACGGCCTC 3000 
CAGCGTGGGG AGCGCCCGAG TCCTCTCGGT CACGAGCTGG ACGCTCTTCA GGACGTTTCA 3060 
CCGCCCCaC GCCCCGCACC TCCAGCOTC CCGACTCGCA GAGTCTCCCG AGGCCCCTTT 3120 
TCGCaCGGG TTTATTTATT GACTGTCTTT CCCCCTGTOC TCGACAGAAG AGTGGGAGGT 3180 
GAGAAGCCCG TCTCCTCAGT GAGCCAGCAT TTCAGGGGCA GCTGGCGGAC TCCCACTCCC 3240 
COaCCOTC CAGCCAAGCT GCCTTAACTC GCCCCTCGGG GCTCCCCCAG AGACTGTGCC 3300 
CCGGGCGGGC CGCGCGCGCT GTGTCCAGAG TCCTCGGGCC TCCTGGGTCT GGGACGTGCC 3360 
TCTCCTACTG TGTAGGAGCC TCCGCTTCCC AATACAGCCG TGTCTGCAAA AAAAAAAAAA 3420 

3432 

AAAAAAAAAA AA 



SEQ ID NO: 5 

SEQUENCE LENGTH: 2790 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: double 
TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
ORIGINAL SOURCE: 

ORGANISM: human (Homo Bapiens) 
TISSUE TYPE: child brain 
FEATURE: 

FEATURE KEY: CDS 
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LOCATION: 1.2790 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 

ATGCCCCGTG CCCCCCACTT CATGCCCTTG CTGCTACTGC TGCTGCTGCT CTCACTTCCC 60 
CATACTCAGG CCGCCTTTCC CCAGGACCCC CTCCCTCTGT TGATCTCTGA CCTTCAAGGT 120 
ACTTCCCCAT TATCCTGGTT TCGGGGOCTG GAGGATGATG CTGTGGCTGC AGAACTTGGG 180 
CTGGACTTTC AGAGATTCCT GACCTTGAAC CGGACCTTGC TAGTGGCTGC CCGGGATCAC 240 
GTTTTCTCCT TCGATCTTCA AGCCGAAGAA GAAGGGGAGG GGCTGGTGCC CAACAAGTAT 300 
CTAACATGGA GAAGCCAAGA TGTGGAGAAC TGTGCTGTAC GGGGAAAGCT GACGGATGAG 360 
TGCTACAACT ATATTCGTGT TCTTGTTCCC TGGGACTCCC AGACGCTCCT TGCCTGTGGA 420 
ACGAACTCAT TCAGCCCTGT GTGCCGCAGC TATGGGATAA CTTCGCTGCA GCAGGAGGGT 480 
GAGGAACTGA GTGGGCAGGC TCGATGCCCC TTTGATGCCA CCCAGTCCAA CGTGGCCATC 540 
TTTGCAGAGG GCAGCCTGTA CTCAGCCACA GCTGCGGATT TCCAGGCCAG TGATGCTGTA 600 
GTTTACAGAA GCCTTGGGCC CCAGCCCCCA CTCCCaCCG CCAAGTATGA CTCCAAGTGG 660 
CTCCGAGAGC CACACTTTGT CCAGGCCTTG GAGCATGGAG ACCATGTCTA CTTCTTCTTC 720 
CGCGAGGTCT CTGTGGAGGA TGCTCGGCTG GGGAAGGTGC AGTTCTCCCG CGTAGCCCGA 780 
GTATGTAAAC GTGACATGGG CGCaCGCCT CGGGCCTTGG ACCGCCACTG GACATCCTTC 840 
CTGAAGCTTC GGCTCAACTG CTCTGTCCCT GGGGACTCTA CTTTCTATTT TGATGTTTTA 900 
CAGGCCTTGA CTGGGCCTGT CAACCTGCAT GGCCGCTCTG CTCTCTTTGG GGTCTTCACC 960 
ACCCAGACCA ATAGCATCCC TGGCTCTGCC GTCTGCGCCT TCTACCTGCA TGAGATTGAG 1020 
CGTGGGTTTG AGGGCAAGTT CAAGGAGCAG AGGAGTCTGG ATGGGGCCTG GACTCCTGTG 1080 
TCTGAGGACA GAGTTCCCTC ACCCAGGCCA GGATCCTGTG CAGGAGTAGG GGGAGCTGCC 1140 
TTGTTCTCCT (TTCCCGAGA CCTCCCTGAT GATGTCCTGA CCTTCATCAA GOTCACCCG 1200 
CTGCTGGACC CCGCTGTACC ACCTGTCACC CATCAGCCTC TACTCACTCT CACTAGCAGG 1260 
GCCCTACTGA CCCAAGTAGC TGTGCATGGC ATGGCTGGTC CCCACAGTAA CATCACAGTC 1320 
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10 



15 



ATGTTCCTTG GCTCCAATGA TGGGACAGTG CTGAAGGTGC TGACCCCAGG TGGGCGATCC 1380 
GGGGGACCTG AGCCCATCCT CCTGGAAGAG ATTGATGCCT ACAGCCCTGC CCGGTGCAGT 1440 
GGGAAGCGGA CAGCCCAAAC AGCACGACGG ATCATAGGGC TGGAGCTGGA CACTGAGGGT 1500 
CACAGGCTTT TTGTGGCTTT TTCTGGCTGT ATTGTCTACC TCCCTCTCAG CCGGTGTGCC 1560 
CCGCATGGGG CCTGTCAGAG GAGCTGTTTG GCTTCTCAGG ACCCATACTG TGGATGGCAT 1620 
AGCTCCAGGG GCTGTGTGGA TATCAGGGGA TOGGTGGGA CTGATGTGGA TCAGGCTGGG 1680 
AACCAGGAAT CCATGGAGCA TGGTGACTGC CAAGATGGAG CTACTGGGAG TCAGTCTGGC 1740 
CCTCCGGAH CTGCTTATGG CGTGCGCCGG GACCTGCCCC CAGCCTCGGC CTCCCGCTCC 1800 
GTCCCCATCC CACTCCTCCT GGCCAGTGTG GCCGCAGCTT TTGCCCTGGG CGCCTCAGTC 1860 
TCTGGCCTCC TGGTCTCCTG TGCTTGTCGC CGCGCCCACC GACGTCGGGG CAAGGACATC 1920 
GAGACTCCCG GGCTCCCGCG CCCTCTCTCC CTCCGCAGTT TGGCCCGGCT CCACGGTGGG 1980 
GGCCCAGAGC CCCCGCCGCC CTCCAAGGAC GGGGACGCGG TGCAGACGCC GCAGCTCTAC 2040 
ACCACCTTCC TGCCGCCTCC GGAGGGCGTG CCCCCGCCGG AGCTGGCCTG CaGCCCACC 2100 
CCCGAGTCCA CGCCGGAGCT GCCGGTCAAG CACCTCCGCG CCGCCGGGGA CCCCTGGGAG 2160 
TGGAACCAGA ACAGGAACAA CGCCAAGGAG GGTCCGGGCC GCTCACGGGG CGGGCACGCG 2220 
GCGGGCGGGC CCGCGCCCCG CGTGCTGGTG AGGCCACCGC CGCCCGGCTG TCCCGGGCAG 2280 
GCCGTGGAAG TCACCACCCT GGAGGAACTG CTCCGCTACC TGCACGGCCC GCAGCCGCCC 2340 
AGAAAGGGGG CCGAGCCCCC CGCCCCTTTA ACCTCGCGGG CGCTOCGCC GGAGCCCGCC 2400 
CCCGCCCTCT TGCGCGGCCC CAGCCCCAGG CCCCACGAGT GCGCaCGCC GCTGAGGCTG 2460 
GACGTGCCCC CCGAGGGCAG GTGCGCCTCT GCCCCCGCCC GGCCCGCGa CTCCGCCCCC 2520 
caCCCCGGC TGGGCGTCGG CGGAGGCCGG AGGTTGCCTT TCTCCGGCCA CCGGGCCCCC 2580 
CCTGCCCTGC TCACTCGAGT CCCCTCGCGA GGTCCCTCCA GGTACTCCGG GGGTCCCGGG 2640 
AAGCACCTCC TGTACCTGGG CCGGCCCGAG GGCTACCGGG GCCGCGCCCT CAAAAGGGTG 2700 
GACGTCGAGA AGCCCCAGTT GTCCCTGAAG CCTCCCCTOi TCGGGCCCTC CTOCCGCCAG 2760 

2790 

GCCGTCCCGA ACGGCGGCCG TTTCAACTTT 
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SEQ ID NO: 6 

SEQUENCE LENGTH: 930 amino acids 
SEQUENCE TYPE: amino acid 
TOPOLOGY: linear 
MOLECULE TYPE: peptide 
ORIGINAL SOURCE: 
15 ORGANISM: human (Homo sapiens) 

TISSUE TYPE: child brain 
FEATURE: 

FEATURE KEY: peptide 
LOCATION: 1..930 
IDENTIFICATION METHOD: P 
SEQUENCE DESCRIPTION: 

Met Pro Arg Ala Pro His Phe Met Pro Leu Leu Leu Leu Leu Leu Leu 



5 10 15 



Leu Ser Leu Pro His Thr Gin Ala Ala Phe Pro Gin Asp Pro Leu Pro 



20 



25 



30 



Leu Leu He Ser Asp Leu Gin Gly Thr Ser Pro Leu Ser Trp Phe Arg 

35 40 45 

Gly Leu Glo Asp Asp Ala Val Ala Ala Glu Leu Gly Leu Asp Phe Gin 
50 

Arg Phe Leu Thr Leu Asn Arg Thr Leu Leu Val Ala Ala Arg Asp His 
65 

Val Phe Ser Phe Asp Leu Gin Ala Glu Glu Glu Gly Glu Gly Leu Val 



45 en 55 60 
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85 



90 95 
Pro Asn Lys Tyr Leu Thr Trp Arg Ser Gin Asp Val Glu Asn Cys Ala 

100 105 "0 

Val Arg Gly Lys Lea Thr Asp Glu Cys Tyr Asn Tyr He Arg Val Leu 

115 120 125 

Val Pro Trp Asp Ser Gin Thr Leu Leu Ala Cys Gly Thr Asn Ser Phe 

130 135 140 

Ser Pro Val Cys Arg Ser Tyr Gly He Thr Ser Leu Gin Gin Glu Gly 



145 



150 



155 



160 



Glu Glu Leu Ser Gly Gin Ala Arg Cys Pro Phe Asp Ala Thr Gin Ser 



165 



170 



175 



Asn Val Ala He Phe Ala Glu Gly Ser Leu Tyr Ser Ala Thr Ala Ala 



180 



185 



190 



Asp Phe Gl„ Ala Ser Asp Ala Val Val Tyr Arg Ser Leu Gly Pro Gin 

195 200 205 

Pro Pro Leu Ar 8 Ser Ala Lys Tyr Asp Ser Lys Trp Leu Arg Glu Pro 

210 215 220 

His Phe Val Gin Ala Leu Glu His Gly Asp His Val Tyr Phe Phe Phe 

240 

225 230 235 

Arg Glu Val Ser Val Glu Asp Ala Arg Leu Gly Lys Val Gin Phe Ser 

245 250 255 

Arg Val Ala Arg Val Cys Lys Arg Asp Met Gly Gly Ser Pro Arg Ala 

occ 270 
260 26b 

Leu Asp Arg His Trp Thr Ser Phe Leu Lys Leu Arg Leu Asn Cys Ser 
275 280 



285 
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Val Pro Gly Asp Ser Thr Phe Tyr Phe Asp Val Leu Gin Ala Leu Thr 

290 295 300 

Gly Pro Val Asn Leu His Gly Arg Ser Ala Leu Phe Gly Val Phe Thr 

•»t= 320 
305 31° 315 

Thr Gin Thr Asn Ser lie Pro Gly Ser Ala Val Cys Ala Phe Tyr Leu 

325 330 335 

Asp Glu lie Clu Arg Gly Phe Glu Gly Lys Phe Lys Glu Gin Arg Ser 

340 345 350 

Leu Asp Gly Ala Tr P Thr Pro Val Ser Gl» Asp Arg Val Pro Ser Pro 

355 360 365 

Ar g Pro Gly Ser Cys Ala Gly Val Gly Gly Ala Ala Leu Phe Ser Ser 

370 375 380 

Ser Arg Asp Leu Pro Asp Asp Val Leu Thr Phe lie Lys Ala His Pro 

385 

Val Pro Pro Val Thr His Gin Pro Leu Leu Thr 

415 



Leu Leu Asp Pro Ala 

405 410 
Leu Thr Ser Arg Ala Leu Leu Thr Gin Val Ala Val As P Gly Met Ala 

420 425 430 

Gly Pro His Ser Asn He Thr Val Met Phe Leu Gly Ser Asn Asp Gly 

435 440 445 

Thr Val Leu Lys Val Leu Thr Pro Gly Gly Arg Ser Gly Gly Pro Glu 



450 



455 



460 



Pro He Leu Leu Glu Glu He Asp Ala Tyr Ser Pro Ala Arg Cys Ser 



465 



470 



475 



480 



Gly Lys Arg Thr Ala Gin Thr Ala Arg Arg He He Gly Leu Glu Leu 
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Asp Thr 



485 490 495 

Glu Gly His Arg Leu Phe Val Ala Phe Ser Gly Cys lie Val 

500 505 510 

Tyr Leu Pro Leu Ser Arg Cys Ala Arg His Gly Ala Cys Gin Arg Ser 

515 520 525 

Cys Leu Ala Ser Gin Asp Pro Tyr Cys Gly Trp His Ser Ser Arg Gly 

530 535 540 

Cys Val Asp lie Arg Gly Ser Gly Gly Thr Asp Val Asp 01. Ala Gly 

Wfl 555 560 

545 550 

Asn Gin Glu Ser Met Glu His Gly Asp Cys Gin Asp Gly Ala Thr Gly 

565 570 575 

Ser Gin Ser Gly Pro Gly Asp Ser Ala Tyr Gly Val Arg Arg Asp Leu 

580 585 590 

Pro Pro Ala Ser Ala Ser Arg Ser Val Pro lie Pro Leu Leu Leu Ala 

595 600 605 

Ser Val Ala Ala Ala Phe Ala Leu Gly Ala Ser Val Ser Gly Leu Leu 

610 615 620 

Val Ser Cys Ala Cys Arg Arg Ala His Arg Arg Arg Gly Lys Asp He 

cic 640 
625 630 635 

Glu Thr Pro Gly Leu Pro Arg Pro Leu Ser Leu Arg Ser Leu Ala Arg 

645 650 655 

Leu His Gly Gly Gly Pro Glu Pro Pro Pro Pro Ser Lys Asp Gly Asp 

660 665 670 

Ala Val Gin Thr Pro Gin Leu Tyr Thr Thr Phe Leu Pro Pro Pro Glu 
675 680 685 
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Gly val Pro Pro Pro Glu Leu Ma Cys Leu Pro Thr Pro Glu Ser Thr 

690 695 700 

Pro Glu Leu Pro Val Lys His Uu Arg Ala Ala Gly Asp Pro Trp Glu 

70S 

Trp Asn Gin Asn Arg Asn Asr Ala Lys Glu Gly Pro Gly Arg Ser Arg 

725 730 735 

Gly Gly His Ala Ala Gly Gly Pro Ala Pro Arg Val Leu Val Arg Pro 

740 745 750 

Pro Pro Pro Gly Cys Pro Gly Gin Ala Val Glu Val Thr Thr Leu Glu 

755 760 765 

Glu Leu Leu Arg Tyr Leu His Gly Pro Gin Pro Pro Arg Lys Gly Ala 

770 775 780 

Glu Pro Pro Ala Pro Leu Thr Ser Arg Ala Uu Pro Pro Glu Pro Ala 
785 

Pro Ala Leu Leu Gly Gly Pro Ser Pro Arg Pro His Glu Cys Ala Ser 
805 810 815 

Arg Leu Asp Val Pro Pro Glu Gly Arg Cys Ala Ser Ala Pro 



Pro Leu 



820 



825 



830 



Ala Arg Pro Ala Leu Ser Ala Pro Ala Pro Arg Leu Gly Val Gly Gly 



835 



840 



845 



Gly Arg Arg Leu Pro Phe Ser Gly His Arg Ala Pro Pro Ala Leu Leu 
855 860 



850 



Val Pro Ser Gly Gly Pro Ser Arg Tyr Ser Gly Gly Pro Gly 



880 



Thr Arg 

865 * 70 875 

Lys His Leu Leu Tyr Leu Gly Arg Pro Glu Gly Tyr Arg Gly Arg Ala 
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885 8 90 895 

Leu Lys Arg Val Asp Val Glu Lys Pro Gin Leu Ser Leu Lys Pro Pro 

900 905 
Leu Val Cly Pro Ser Ser Arg Gin Ala Val Pro Asn Gly Gly Arg Phe 
915 920 925 

Asn Phe 
930 



20 



30 



SEQ ID NO: 7 

SEQUENCE LENGTH: 170 base pairs 
SEQUENCE TYPE: nucleic acid 
25 STRANDED NESS: double 

TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
35 ORIGINAL SOURCE: 

ORGANISM: human (Homo sapiens) 
TISSUE TYPE: brain 
FEATURE: 

FEATURE KEY: CDS 
LOCATION: 1..170 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 

TGGCTGTATT GTCTACCTCC CTCTCAGCCG GTGTGCCCGG CATGGGGCCT GTCAGAGGAG 60 
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CTGTTTGGCT TCTCAGCACC CATACTGTCG ATGGCATAGC TCCAGGGGCT GTGTGGATAT 120 
CAGGGGATCT GGTGGGACTG ATGTGGATCA GGCTNGGAAC CAGGAATCCA 170 

SEQ ID NO: 8 

SEQUENCE LENGTH: 18 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
25 FEATURE: 

FEATURE KEY: CDS 
LOCATION: 1..18 

30 

IDENTIFICATION METHOD: P 
SEQUENCE DESCRIPTION: 

18 

35 TGGCTGTATT GTCTACCT 



10 



15 



20 



SEQ ID NO: 9 

SEQUENCE LENGTH: 20 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic 
HYPOTHETICAL: No 
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ANTI-SENSE: Yes 
FEATURE: 

FEATURE KEY: CDS 
LOCATION: 1..20 
IDENTIFICATION METHOD: P 
SEQUENCE DESCRIPTION: 

20 

TGGATTCCTG GTTCCNACCC 
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SEQ ID NO: 10 

SEQUENCE LENGTH: 18 base pairs 
SEQUENCE TYPE: nucleic acid 
25 STRANDEDNESS: single 

TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
35 FEATURE: 

FEATURE KEY: CDS 
LOCATION: 1..18 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 



40 



45 



18 

TGTGTAAACG TGACATGG 



so SEQ ID NO: 11 

SEQUENCE LENGTH: 18 base pairs 

55 



43 



10 



1S 



20 



25 



30 



EP 0 960 937 A1 

SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
HYPOTHETICAL: No 
ANTI-SENSE: Yes 
FEATURE: 

FEATURE KEY: CDS 

LOCATION: 1..18 

IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 

18 

TGCTAGTCAG AGTGAGGA 



Claims 



35 1. A gene encoding the following protein (a) or (b): 



40 

outgrowth. 



2. A gene comprising the following DNA (a) or (b): 

HO ■ I 2 A or sjand which encodes a protein inhibiting neunte outgrowth. 

3 Agenec.rnprisingDNAwhichhybridizesunderstringentcond^ 

4 A protein obtained by expressing the gene of any one of claims 1 to 3. 

motes neurite outgrowth. 
6. A protein obtained by expressing the gene of claim 5. 
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8. An expression plasmidwh W 

9 A transformanl transformed with the expression plasmid of claim 8. 

10. Aprocessforproducinga^^ 
recovering the recombinant protein expressed. 

11. A peptide comprising at least six amino acids of the protein of claim 4 or 6. 
12 A peptide of claim 1 1 which promotes neurite outgrowth. 

idue. 

sion of the protein of claim 4. 
« « A„ a n^a^* e p.*n«cl».m4a6.«^ns,th.p»Me rt an».neo,c te »»11»13. 

ifi'ed variant thereof of claim 14 or 15. or the antibody of claim 16. 
30 ^.Amethodofscreen^ 

19 A Semaphorin Y antagonist obtained by the screening method of claim 18. 

, 20 .ASemaphorinYantagoni^ 

to 13, or the antibody of claim 16. 

inserted into its chromosome, or has been knocked out. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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